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Abstract
Background: Data on determinants of long-term disease progression in HIV-infected patients on antiretroviral therapy (ART)
are limited in low and middle-income settings.
Methods: Effects of current CD4 count, viral load and haemoglobin and diagnosis of AIDS-defining events (ADEs) after start
of combination ART (cART) on death and new ADEs were assessed using Poisson regression, in patient aged $18 years
within a multi-centre cohort in Thailand.
Results: Among 1,572 patients, median follow-up from cART initiation was 4.4 (IQR 3.6–6.3) years. The analysis of death was
based on 60 events during 6,573 person-years; 30/50 (60%) deaths with underlying cause ascertained were attributable to
infections. Analysis of new ADE included 192 events during 5,865 person-years; TB and Pneumocystis jiroveci pneumonia
were the most commonly presented first new ADE (35% and 20% of cases, respectively). In multivariable analyses, low
current CD4 count after starting cART was the strongest predictor of death and of new ADE. Even at CD4 above 200 cells/
mm
3, survival improved steadily with CD4, with mortality rare at $500 cells/mm
3 (rate 1.1 per 1,000 person-years).
Haemoglobin had a strong independent effect, while viral load was weakly predictive with poorer prognosis only observed
at $100,000 copies/ml. Mortality risk increased following diagnosis of ADEs during cART. The decline in mortality rate with
duration on cART (from 21.3 per 1,000 person-years within first 6 months to 4.7 per 1,000 person-years at $36 months) was
accounted for by current CD4 count.
Conclusions: Patients with low CD4 count or haemoglobin require more intensive diagnostic and treatment of underlying
causes. Maintaining CD4$500 cells/mm
3 minimizes mortality. However, patient monitoring could potentially be relaxed at
high CD4 count if resources are limited. Optimal ART monitoring strategies in low-income settings remain a research
priority. Better understanding of the aetiology of anaemia in patients on ART could guide prevention and treatment.
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Introduction
By the end of 2009, 5 of the 33 million HIV-infected patients in
low- and middle-income countries were receiving antiretroviral
therapy (ART) [1]. Minimizing long-term morbidity and mortality
in patients on ART becomes increasingly important as treatment
programmes mature, standard of care improves and more effective
drug combinations are available. This has led to increased debate
on optimal approaches for monitoring antiretroviral treatment in
low-income settings [2]. Accurate data on determinants of long-
term disease progression in treated patients may therefore inform
patient management guidelines and research directions.
Differences between low and high-income settings such as
patients’ characteristics at presentation to HIV medical services,
PLOS ONE | www.plosone.org 1 August 2012 | Volume 7 | Issue 8 | e43375prevalence of co-morbidities, distribution of AIDS-defining
illnesses, spectrum of causes of death, and clinical management
have generally been observed [3]. It is therefore important to
assess not only key predictors of long-term outcomes in patients on
ART for different settings, but also the nature of these associations.
So far, analyses from low and middle-income settings on
prognostic factors in treated patients have mostly considered
baseline characteristics only and/or included relatively short-term
follow-up [3,4,5,6,7,8,9,10,11]. Only a few have assessed effects of
CD4 count and other laboratory markers while on ART on long-
term outcomes [12,13,14,15,16]. Consistent with data from
Europe and North America [17,18,19,20,21], these showed
current CD4 cell count was the strongest predictor of mortality
[13,14,16] and current haemoglobin independently predictive
[13,16]. The effect of current viral load was not consistently
observed across studies [13,14,16]. However, some of these studies
from low-income settings had certain limitations, including: the
effect of current CD4 count was estimated without adjusting for
current viral load and other markers [12,15]; CD4 count was
categorised in analysis with levels above 200 cells/mm
3 combined,
restricting scope to identify whether there is a target threshold
above which CD4 level should be maintained to minimise
mortality [12,16]; and information on cause of death was not
reported, limiting interpretation [13,14,15].
Using data from a multi-centre cohort in Thailand, a middle-
income country, we assessed the prognostic effects of CD4 count,
viral load and haemoglobin at start of combination antiretroviral
therapy (cART) and after treatment initiation on progression to
death and to first new ADE. The effect of new ADE on death was
also examined.
Methods
Ethics Statement
The Program for HIV Prevention and Treatment (PHPT)
cohort was approved by the Thai Ministry of Public Health and
local ethics committees. Participants provided written informed
consent at entry.
Study Background
The PHPT adult cohort prospectively followed HIV-infected
patients receiving ART in 40 public hospitals across Thailand
(NCT00433030 www.clinicaltrials.gov). The study has been
previously described [22]. Briefly, the cohort began in 1999,
recruiting women from trials on prevention of mother-to-child
transmission of HIV (PMTCT) [23,24], and later extended to
partners of these women and any HIV-infected adults presenting
at participating sites. The criteria for initiation of therapy was
CDC clinical stage B/C or CD4,250 cells/mm
3 [25]. Initial
HAART regimens changed over time with increased availability of
drugs. Alternative drugs were available in case of intolerance or
confirmed virologic failure. Cotrimoxazole and fluconazole
prophylaxis were prescribed as needed. Patients attended the
clinic monthly for physical examination, drug refills and adherence
counselling conducted by a nurse. They were also reviewed by a
physician every month during the first 3 months of treatment and
at 3-monthly intervals thereafter, with additional referrals as
required. CD4 and virology testing and a complete blood cell
count were done at start of treatment, at 3 months and every
6 months thereafter. Cause of death was reported by site
physicians, and further reviewed and classified by two independent
physicians based on ICD-10 classification (http://www.who.int/
classifications/icd/en/index.html).
Statistical Analyses
Patients were included in these analyses if they were ART naı ¨ve
at PHPT cohort enrolment (apart from treatment received for
PMTCT), subsequently started cART with at least 3 antiretroviral
drugs at age 18 years or older, and had at least one CD4 and one
viral load evaluation after cART initiation.
Outcomes evaluated were progression from cART initiation to
(i) all-cause mortality and (ii) first new ADE (which included death
in the absence of a new AIDS diagnosis after starting cART). In
the analysis of new ADE, patients with AIDS diagnosis before
starting cART were included and progression to the first clinically
new ADE was considered, ignoring recurrence of ADE’s occurring
before cART initiation. Follow-up was considered from date
starting cART up to the date of the outcome of interest or date of
last clinic visit for patients censored.
At a given time point, we defined current CD4 count, viral load
or haemoglobin as the most recent measurement taken after
cART initiation which was within the last 9 months of that time
point. The value at cART initiation was defined as the most recent
measurement within 6 months prior to date of initiation. We
classified ADEs as either mild or moderate/severe, based on
prognostic categories proposed in a Antiretroviral Therapy Cohort
Collaboration (ART-CC) study which showed different types of
ADE diagnosed after cART initiation had varying impact on
mortality [26].
First, we examined the predictive value of the following time-
varying factors: current CD4 count; current viral load; current
haemoglobin; time since cART initiation; and for progression to
death only, diagnosis of new mild ADEs and of new moderate/
severe ADEs after cART initiation. The effect of type of new
ADEs on mortality was assessed based on patients without prior
AIDS diagnosis at cART initiation, consistent with the ART-CC
study [26]. Time-dependent indicator variables corresponding to
before and after diagnosis of the first event (s) within each ADE
prognostic category were fitted.
We then assessed whether after accounting for current CD4
count, viral load and haemoglobin, there were any additional
prognostic value in CD4 count, viral load, haemoglobin and AIDS
diagnosis status at cART initiation.
Effects of covariates were estimated using Poisson regression
models, based on follow-up periods with both current CD4
count and viral load available. Clustering within hospitals was
included as a random effect. Multivariable analyses were
adjusted for time since cART initiation (split according to
,6 months, 6–11.99, 12–23.99, 24–35.99 and $36 months),
current CD4 count, viral load and haemoglobin and, in
addition, the following a priori confounders at initiation which
were selected on the basis of findings from previous studies
[7,22,27,28]: sex, HBV and HCV status, CD4 count, viral load,
haemoglobin, age, calendar period (before 2005, 2005 onwards),
AIDS diagnosis status, and whether ART-naı ¨ve when starting
cART.
CD4 count was square root transformed to improve model
fit. Current viral load was categorized as ,400, 400 to 99,999
and $100,000 copies/ml; these categories were chosen since the
detection limit of assays used had varied over time and a
previous study showed high viral load at 6 months from starting
treatment was associated with poorer survival but only at levels
above 100,000 copies/ml [29]. Viral load and age at cART
initiation were log transformed. Non-linear effects were assessed
for using cubic spline terms with knots at the 10
th,5 0
th and 90
th
centiles [30]. Non-proportional hazards were assessed by testing
for interaction between covariates and follow-up time (catego-
rised as less or greater than 2 years from cART initiation).
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using Multivariate Imputation by Chained Equations based on
20 cycles [31].
Finally, we carried out sensitivity analyses with: (i) current CD4
count, viral load and haemoglobin defined assuming a given
measurement was valid for a maximum of 6 and 12 months,
Table 1. Patients’ characteristics at cART initiation (N=1572).
Number of patients (%)
a
Female sex 1192 (76%)
HBV antigen positive 93 (6%)
Anti-HCV seropositive 49 (4%)
Previous ART treatment
None (except for PMTCT ART use) 1462 (93%)
Dual therapy 110 (7%)
Age (years)
median (IQR) 32.7 (28.5–38.1)
,30 541 (34%)
30–39 736 (47%)
40–49 243 (15%)
$50 52 (3%)
Year started cART
2001–2002 270 (17%)
2003–2004 406 (26%)
2005–2006 766 (49%)
2007–2010 130 (8%)
CD4 cell count (cells/mm
3)
median (IQR) 129 (59–198)
,50 324 (21%)
50–99 299 (17%)
100–149 258 (17%)
150–199 282 (18%)
200–349 342 (22%)
$350 35 (2%)
Viral load (log copies/ml), median (IQR) 4.8 (4.3–5.2)
Haemoglobin (g/dl)
median (IQR) 11.7 (10.6–2.8)
,8 18 (1%)
8–9.99 199 (13%)
10–11.99 627 (41%)
$12 669 (44%)
AIDS diagnosis before cART initiation 344 (22%)
No 1224 (78%)
Previously diagnosed with mild ADE (s) only
b 247 (16%)
Previously diagnosed with moderate/severe ADE (s)
b 101 (6%)
Initial cART regimen
Efavirenz+ NRTI’s 584 (37%)
Nevirapine + NRTI’s 199 (13%)
PI + NRTI’s 743 (47%)
NNRTI + PI + NRTI’s 46
c (3%)
cART, combination antiretroviral therapy; HBV, hepatitis B virus; HCV, hepatitis C virus; PMTCT, prevent of mother-to-child transmission; ADE, AIDS-defining event;
NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; IQR, inter-quartile range.
aPercentage based on total with data available. Number with missing data: sex (1), HCV status (269), CD4 count (32), HIV-1 RNA (137), haemoglobin (59).
bADEs were defined as either mild or moderate/severe based on prognostic categories proposed by Mocroft et al [26]. Note only 2 patients were previously diagnosed
with a severe ADE.
cThe 46 patients starting with regimens containing NNRTI+PI were all previously on dual therapy.
doi:10.1371/journal.pone.0043375.t001
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to each nominal time points within a63 months window was selected for each patient.
doi:10.1371/journal.pone.0043375.g001
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ART-naı ¨ve at cART initiation (apart from ART use for PMTCT).
All statistical analyses were undertaken in STATA, version 11.
Results
1740 patients were ART-naı ¨ve at PHPT cohort enrolment and
subsequently started cART aged $18 years between 2001 and
2010. Of these, 1572 (90%) had follow-up period (s) after initiation
with both current CD4 count and viral load measures and were
included in analyses.
Characteristics at cART Initiation
Three-quarters (76%) of patients were female; Table 1. At
cART initiation, median age was 32.7 (IQR 28.5–38.1) years and
CD4 count 129 (59–198) cells/mm
3. Women had lower haemo-
globin than men, with median 11.5 (IQR 10.5–12.4) versus 12.8
(11.4–14.2), respectively. A small proportion of patients (7%,
n=110) previously received ART for their HIV, all initially
prescribed didanosine plus stavudine dual therapy at median 2.9
(IQR 2.2–3.3) years before switching to cART. Around a fifth of
patients (22%, n=344) were diagnosed with AIDS before cART
initiation.
Follow-up after cART Initiation
Patients were followed up for a median 4.4 (IQR 3.6–6.3) years
after starting cART. 145/1572 (9%) patients were lost to follow-up
after cART initiation and 149 (9%) voluntarily withdrew. Median
number of measurements per patient after initiation was 14 (IQR
11–17) for CD4 count, 14 (10–16) for viral load and 20 (16–27) for
haemoglobin.
Trends in CD4 Cell Count, Viral Load and Haemoglobin
after cART Initiation
The proportion of patients with HIV-1 RNA ,400 copies/ml
was 91.3% at 6 months from cART initiation, and around 95%
from 3 years onwards (Figure 1). At 12 months, 11% of patients
with viral load suppression ,400 copies/ml attained CD4 level
$500 cells/mm
3, increasing to 35% and 52% at 3 and 5 years,
respectively. High CD4 count at cART initiation was associated
with high absolute level at all subsequent times (data not shown).
Haemoglobin increased following cART though mainly within the
first year, with lower levels observed in women throughout follow-
up (data not shown).
Follow-up and Events Contributing to Analyses of
Disease Progression
The analysis of progression to death was based on 60 deaths
during 6573 person-years (90% of total follow-up from cART
initiation) when both current CD4 count and viral load were
available; Table 2. Cause of death was ascertained in 50/60 (83%)
of cases. Of these, 30 (60%) died of infection-related causes
(10 tuberculosis, 7 cryptomeningitis, 4 pneumonia, 1 toxoplasmo-
sis, 1 meningitis, 2 septicaemia, 1 cellulitis, 1 disseminated/gen-
eralized fungal infection, 1 complication related to hepatitis C co-
infection, 1 human papillomavirus infection and 1 cholecystitis)
and 20 (40%) of other causes (9 cardiovascular disease, 3 cancer,
1 liver failure, 1 asthma, 4 suicide, 1 alcohol abuse and 1
accident). Among deaths with underlying cause ascertained, those
occurring within the first 2 years of cART were more likely to be
due to infection-related causes (24/34, 71%) compared with after
(6/16, 38%) (p=0.03). Patients with infection-related causes of
death had substantially lower CD4 count and haemoglobin and
were less likely to be suppressed ,400 copies/ml at the time of
death compared with those dying of other known causes; Figure 2.
In the analysis of progression to first new ADE, 69 of the 1572
patients developed a new ADE after cART initiation but prior to
any CD4 and viral load evaluation while on treatment, so were
excluded; of these, 80% (n=55) developed a new ADE within
6 months, 46% (n=32) within 3 months. Among the remaining
1503 patients included, there were 192 events during 5865 person-
years (Table 2); 153 patients developed $1 new ADE (s) and 39
died without developing a new ADE. Eleven (7%) of the 153
patients developing new ADE (s) presented simultaneously with
two or more ADEs at initial diagnosis. The most common first new
ADE were: TB (diagnosed in 35% of the 153 patients), Pneumocystis
jiroveci pneumonia (20%), generalized herpes simplex infection
(10%) and recurrent pneumonia (5%).
Associations with Progression to Death
The associations with mortality for factors after cART initiation
are shown in Table 3. Mortality rate was 124.8 per 1000 person-
years at CD4 count ,100 cells/mm
3, decreasing substantially to
Table 2. Number of patients, events and years of follow-up contributing to analyses.
Analysis of progression to death
Analysis of progression to first new
ADE
Number of patients 1572 1503
a
Total follow-up (years) 6573 5865
Total number of events 60 192
b
Time from cART initiation to event (months)
,6 5 (8%) 27 (14%)
6–11.99 12 (20%) 29 (15%)
12–23.99 21 (35%) 65 (34%)
24–35.99 9 (15%) 32 (17%)
$36 13 (22%) 39 (20%)
ADE, AIDS-defining event; cART, combination antiretroviral therapy.
a69 of the 1572 patients included in analyses of progression to death developed a new ADE after cART initiation but before having at least 1 CD4 count and viral load
evaluation while on treatment, and therefore were excluded in the analyses of progression to first new ADE.
b153 patients progressed to $1 new ADE (s), while 39 patients died without having a new ADE after starting cART.
doi:10.1371/journal.pone.0043375.t002
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3. In multivariable
analyses, low level of current CD4 count (p,0.001) and
haemoglobin (p,0.001) were the strongest predictors of mortality.
Current viral load had a weak independent effect (p=0.05), with
poorer survival associated with levels $100,000 copies/ml. As
expected, mortality rate declined steadily with time from cART
initiation, from 21.3 per 1000 person-years during the first
6 months to 4.7 per 1000 person-years at $36 months; however,
this trend disappeared after adjusting for current CD4 count
(p=0.82), but not when only either current viral load (p=0.01) or
haemoglobin (p=0.006) were accounted for.
Table 4 shows the predictive effects of factors at cART initiation
after adjusting for current CD4 count, haemoglobin and viral
load. At a given current CD4 count value, lower CD4 count at
cART initiation was weakly associated with decreased mortality,
indicating better prognosis with greater increase in CD4 count
from baseline. Viral load and haemoglobin at cART initiation had
no effect.
Prior AIDS diagnosis before cART initiation was not predictive
of mortality (Table 4). However, among patients not diagnosed
with AIDS before starting cART, subsequent diagnosis of mild
ADEs and of moderate/severe ADEs after initiation were both
associated with mortality, with their impact being similar (rate
ratio 4.2 [95% CI 1.9–9.7] and 5.3 [1.8–15.8], respectively;
Table 3).
Associations with Progression to New ADE
Current CD4 count (p,0.001) and haemoglobin (p,0.001)
were both strongly prognostic of new ADE, though the magnitude
of these associations was weaker compared with that for death
(Table 3). Viral load was weakly predictive with increased risk only
at levels $100,000 copies/ml (p=0.03), as observed for mortality.
Risk of new ADE remained higher during the first 6 months of
cART initiation after accounting for current CD4 count, viral load
and haemoglobin (p,0.001), but was constant thereafter
(p=0.73).
After adjusting for current CD4 count, viral load and
haemoglobin, higher viral load at cART initiation remained
strongly associated with new ADE (p,0.001, Table 4), with its
effect similar within the first 2 years of initiation compared to after
(non-proportional hazards p-value 0.50). CD4 count and haemo-
golobin at cART initiation had no effect. Patients with moderate/
severe ADE (s) before cART initiation had increased risk of new
ADE, but not those with mild ADE (s) only (p,0.001).
Sensitivity Analyses
Results remained the same when either (i) current CD4 count
and viral load were defined by assuming a given measurement was
valid for a maximum of 6 or 12 months or (ii) patients who
initiated on dual therapy before switching to cART were excluded.
Discussion
This study was based on a well-run, long-term ART programme
involving a wide range of public hospitals throughout Thailand,
with good quality data collection including accurate ascertainment
of AIDS diagnoses and cause of death for most patients. Consistent
with other studies from low and high-income settings, CD4 count
was found to be the strongest predictor of death and of new ADE
[13,14,18,19,21]. In our cohort, the decline in mortality rate over
time from cART initiation (well-documented particularly in low-
income settings [6,13]) was accounted for by current CD4 count,
further underlining its key role as an immediate prognostic
indicator. As expected, mortality rate at CD4 count ,100 cells/
mm
3 was substantially high (124.8 per 100 person-years).
Therefore, patients with low CD4 count, even if virologically
suppressed, should be closely monitored, with underlying causes of
Figure 2. Distribution of most recent CD4 count (A), viral load
(B) and haemoglobin (C) measurement at time of death, by
cause of death. Based measurements within the last 9 months before
date of death. Number of cases by cause of death: 10 TB, 20 other
infections, 20 not related to infection and 10 not known.
doi:10.1371/journal.pone.0043375.g002
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ditions) promptly investigated and addressed.
We observed improved survival with increasing CD4 count
even at levels above 200 cells/mm
3, with mortality being rare at
$500 cells/mm
3 (rate 1.1 per 1000 person-years). A recent
analysis of four large treatment cohorts from Sub-Saharan Africa
reported a 1.7 fold increase in mortality risk at CD4 levels 350–
499 cells/mm
3 compared to $500 cells/mm
3 (adjusted for only
baseline characteristics and calendar period), comparable to our
estimate of 2.5 (95% CI 1.9–3.4) [15]. Furthermore, a French
study showed patients on long-term cART with CD4 count
.500 cells/mm
3 had similar mortality rates as the general
population [32]. These findings provide growing evidence of the
benefit of maintaining CD4 count above 500 cells/mm
3 while on
treatment. They also suggest that relaxing monitoring for patients
on treatment with high stable CD4 count should be evaluated for
settings with limited capacity for CD4 monitoring. In addition,
early HIV diagnosis and early treatment initiation before onset of
severe immunosuppression are indicated, given that high CD4
count at ART initiation is associated with improved long-term
CD4 cell count recovery [3,21,33]; the effect on long-term
outcomes of starting ART at CD4 count .500 cells/mm
3
compared to deferring until CD4 falls below 350 cells/mm
3 is
being investigated in the ongoing randomized START trial [34].
Previous studies across different settings already showed the
independent association between low haemoglobin on cART and
disease progression [13,16,18,19,20,35], as also observed in our
study. The link between low haemoglobin and mortality is not
well-understood and appears multifactorial, but is likely to be
partly due to anaemia being an indicator of other co-morbidities,
particularly tuberculosis [35,36,37]. Consistent with this, we found
80% of patients dying of tuberculosis had haemoglobin level
Table 3. Predictive effects of factors after cART initiation on progression to death and to new ADE.
Factors Progression to death Progression to first new ADE
Rate per 1000 py
(events/py)
Adjusted rate ratio
a
(95% CI) p-value
Rate per 1000 py
(events/py)
Adjusted rate ratio
a
(95% CI) p-value
Current CD4 count (cells/mm
3)
,100 124.8 (24/192) 33.6 (10.6–106.5)
b ,0.001 290.7 (44/151) 4.6 (2.5–8.4)
b ,0.001
100–199 16.0 (11/686) 12.8 (5.6–29.7) 59.9 (36/601) 2.6 (1.6–4.1)
200–349 7.7 (15/1951) 5.4 (3.1–9.3) 34.5 (61/1769) 1.7 (1.1–2.6)
350–499 4.2 (8/1917) 2.5 (1.9–3.4) 18.3 (32/1753) 1.1 (0.8–1.6)
$500 1.1 (2/1826) 1 11.8 (19/1613) 1
Current viral load (copies/ml)
,400 7.1 (44/6180) 1 0.05 27.4 (152/5546) 1 0.03
400–99,999 14.6 (5/343) 0.5 (0.2–1.5) 73.5 (22/299) 1.3 (0.8–2.2)
$100,000 218.9 (11/50) 2.1 (0.8–5.6) 429.8 (18/42) 2.4 (1.2–4.8)
Current haemoglobin (g/dl)
,8 419.4 (8/19) 12.0 (5.7–25.1)
b ,0.001 530.8 (9/17) 4.1 (2.3–7.1)
b ,0.001
8–9.99 43.0 (10/233) 4.4 (2.8–6.8) 122.2 (24/196) 2.3 (1.7–3.2)
10–11.99 10.7 (20/1877) 1.8 (1.4–2.2) 34.1 (58/1701) 1.4 (1.2–1.6)
$12 4.8 (21/4417) 1 23.8 (94/3955) 1
Diagnosis of new mild ADEs after cART initiation
c
Before diagnosis 5.9 (29/4900) 1 –
After initial diagnosis 36.2 (10/276) 4.2 (1.9–9.7) 0.001
Diagnosis of new moderate/severe ADEs after cART initiation
c
Before diagnosis 6.7 (34/5038) 1 –
After initial diagnosis 36.2 (5/138) 5.3 (1.8–15.8) 0.003
Time since cART initiation (months)
,6 21.3 (5/235) 1 0.86 118.4 (27/228) 1 ,0.001
6–11.99 16.5 (12/726) 1.0 (0.3–2.9) 42.4 (29/683) 0.3 (0.2–0.6)
12–23.99 14.5 (21/1445) 1.4 (0.5–3.8) 49.1 (65/1324) 0.5 (0.3–0.9)
24–35.99 6.5 (9/1376) 1.0 (0.3–3.1) 26.1 (32/1224) 0.4 (0.2–0.7)
$36 4.7 (13/2790) 1.0 (0.3–3.1) 16.1 (39/2427) 0.3 (0.2–0.5)
cART, combination antiretroviral therapy; ADE, AIDS-defining event; py, person-years; CI, confidence interval.
aEffects were estimated adjusted for a priori confounders, time since cART initiation, and current CD4 count, viral load and haemoglobin. Current CD4 count and
haemoglobin, and CD4 count, viral load and haemoglobin at cART initiation were analysed as continuous variables.
bTo present the estimated effect of CD4 count (fitted square root transformed) and current haemoglobin (fitted with additional cubic spline term), we derived from the
fitted model the rate at the marker value at which 50% of person-years of follow-up falls above and below within each strata, and then calculated the corresponding
rate ratios.
cBased on patients without prior AIDS diagnosis before cART initiation. Only 1 patient was diagnosed with a severe ADE after starting cART, who had progressive
multifocal leukoencephalopathy.
doi:10.1371/journal.pone.0043375.t003
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to other infections and none of those due to non-infection related
causes. Although haemoglobin level was lower in women
throughout follow-up in our cohort, its prognostic value did not
vary by gender (data not shown), consistent with results from a
previous UK study [20].
In our cohort, high current viral load was weakly associated
with both mortality and new ADE but only at $100,000 copies/
ml, consistent with a previous ART-CC study [29]. Other studies
from low- and high-income settings generally reported a modest
association between lack of viral load suppression and poor
prognosis [14,18,19]. In a large cohort from South Africa, viral
load was more strongly prognostic after 12 months, suggesting that
viral load monitoring may be more informative after 1 to 2 years
of cART [13]. Given the need to prevent accumulation of
resistance on a virologically failing regimen, development of viral
assays which are cheap, practical and reliable for use in low-
income settings remains important for improving patient moni-
toring [38]. Of interest, high viral load at cART initiation
remained predictive of new ADE/death (but not of death) after
adjusting for subsequent viral load and CD4 measurements. The
explanation for this association, which has not been previously
reported, is unclear but could partly be due to delay in diagnosis of
certain pre-existing conditions at the time of cART initiation.
Substantial variation in the impact of different ADEs on
mortality was previously observed in an ART-CC analysis
including treated patients in Europe and US [26]. When applying
the prognostic categories of ADEs proposed from this study to our
cohort, there was in fact little difference in the effect of mild
compared with moderate/severe ADEs on mortality. Our analysis
however only included one patient with a severe ADE (progressive
multifocal leukoencephalopathy) after starting cART. Further-
more, due to sparse data, we did not evaluate effects of individual
ADEs (as was done in the ART-CC analysis), but considered the
first event occurring within each ADE prognostic category.
In our study, rate of loss-to follow-up was relatively low, with
efforts made to trace patients missing clinic visits using telephone
calls and home visits. Although voluntary patient withdrawal from
the study was usually due to relocation or ART being accessed
elsewhere through the national treatment programs, it is important
to note that patients who were either lost to follow-up or
voluntarily withdrew were less likely to be virologically suppressed
after cART initiation compared to those still in follow-up, with loss
to follow-up also associated with lower CD4 attained (data not
shown). This could lead to under-estimation of the effects of CD4
count and viral load if patient drop-out was associated with
mortality or progression to new ADE’s, conditional on the
covariates in the models (including current CD4 count and viral
load).
A limitation to our analysis was that effects of covariates were
not assessed separately for AIDS-related and non AIDS-related
mortality due to limited number of deaths. An association between
CD4 count and non-AIDS related mortality has been reported,
albeit of weaker magnitude compared with that for AIDS-related
mortality [12]. This is consistent with our observation that patients
dying of causes not related to infection had higher CD4 count and
haemoglobin at the time of death compared to those dying of
infection(s), and were also more likely to be virologically
suppressed. Of note, we found patients were more likely to die
of non-infection related than infection-related causes after 2 years
of cART, indicating that ART monitoring potentially needs to
account for the changing patterns of mortality over time. Another
Table 4. Predictive effects of factors at cART initiation on progression to death and to new ADE, adjusted for current CD4 count,
haemoglobin and viral load.
Factors Progression to death Progression to first new ADE
Rate per 1000 py
(events/py)
Adjusted rate ratio
a
(95% CI) p-value
Rate per 1000 py
(events/py)
Adjusted rate ratio
a
(95% CI) p-value
CD4 count at initiation (cells/mm
3)
,100 12.0 (32/2657) 0.5 (0.3–1.0) 0.07 53.0 (115/2168) 1.4 (0.9–2.1) 0.11
100–199 8.2 (18/2206) 0.8 (0.6–1.0) 26.7 (55/2061) 1.1 (1.0–1.3)
$200 5.8 (9/1552) 1 12.5 (19/1515) 1
Viral load at initiation (copies/ml) 1.3 (0.9–1.9) per
log10(copies/ml)
0.23 1.6 (1.2–2.0) per
log10(copies/ml)
,0.001
,10,000 5.9 (6/1011) 12.2 (12/986)
10,000–99,999 5.5 (14/2561) 25.0 (58/2323)
$100,000 13.4 (31/2306) 53.3 (104/1950)
Haemoglobin at initiation (g/dl) 1.0 (0.9–1.1) per unit 0.93 1.0 (0.9–1.0) per unit 0.41
,8 12.9 (1/78) 110.7 (6/54.2)
8–9.99 21.1 (17/806) 59.0 (39/662)
10–11.99 7.4 (19/2561) 29.8 (69/2312)
$12 7.0 (20/2871) 20.7 (56/2710)
AIDS diagnosis before initiation
No 7.5 (39/5176) 1 0.20 24.7 (119/4816) 1 ,0.001
Mild ADE (s) only 10.1 (10/993) 0.9 (0.4–1.9) 44.8 (37/826) 1.2 (0.8–1.8)
Moderate/severe ADE (s) 27.2 (11/404) 1.9 (0.9–4.3) 147.1 (36/245) 3.0 (1.9–4.8)
cART, combination antiretroviral therapy; ADE, AIDS-defining event; py, person-years; CI, confidence interval.
aEffects were estimated adjusted for a priori confounders, time since cART initiation, and current CD4 count, viral load and haemoglobin.
doi:10.1371/journal.pone.0043375.t004
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new ADE were excluded from analyses owing to lack of laboratory
measurements after starting cART; risk factors of early mortality
in our cohort have been previously described [22]. Consequently,
only 14% of new ADEs and 8% of deaths occurred within
6 months of cART initiation, and while immune reconstitution
syndrome (IRIS) may account for some of these early events, it is
unlikely to play a significant role in our overall findings.
In conclusion, immunosuppression and anaemia may reflect the
presence or development of conditions that lead to mortality. Half
of the deaths in this Thai cohort were attributable to infections
which were chronic and generally considered treatable, while the
cause of death remained unknown in nearly a fifth despite regular
follow-up. This suggests a significant proportion of patients died of
conditions which were not diagnosed in time or appropriately
treated, possibly due to constraints in this resource-limited setting
and lack of experience in handling such complications at the
beginning of the program when the priority was given to starting
antiretroviral treatment for all those who urgently needed it.
Patients with low CD4 count or haemoglobin should therefore
receive more intensive case-management, while monitoring could
potentially be relaxed for those with high CD4 if resources are
limited. ART monitoring in low-income settings remains a
research priority, and in particular, better understanding of
predictors of morbidity and mortality due to non-AIDS disease
is needed given patients are surviving longer on treatment.
Acknowledgments
We thank all patients and hospital staff at the participating sites.
PHPT Network:
Program for HIV Prevention and Treatment (Thailand): Site
Principal Investigators (numbers of patients enrolled in each
hospital are given in parentheses):
Nakornping (138): P. Leenasirimakul; Rayong (129): S. Banchong-
kit, S Ariyadej; Prapokklao (116): M. Techapornroong; Samutsakorn
(91): A. Chutanunta; Mae Chan (86): S. Buranabanjasatean; Chon-
buri (74): C. Bowonwatanuwong; Hat Yai (74): A. Nilmanat; Chian-
grai Prachanukroh (71): P. Kantipong; Phayao Provincial Hospi-
tal (69): G. Halue; Lamphun (55): N. Luekamlung; Sanpatong (48):
V. Klinbuayaem; Chacheongsao (46): P. Wittayapraparat; Ratcha-
buri (43): P. Sang-a-gad; Doi Saket (41): P. Sirichithaporn; Nong
Khai (40): N. Yutthakasemsunt; Maharaj Nakornratchasrima (39):
R. Lertkoonalak; Buddhachinaraj (38): S. Tansuphasawasdikul; Ma-
hasarakam (38):S . T h o n g p a e n ;Regional Health Promotion
Centre 6, KhonKaen (32): K. Vivatpatanakul; Bhumibol Adulyadej
(27): S. Prommas; Mae on (27): N. Pattanapornpun; San Sai (27):
W. Cowatcharagul; Samutprakarn (26): N. Eiamsirikit; Lampang
(26): P. Pathipvanich; Nakhonpathom (23): S. Bunjongpak; Mae Sai
(19): R. Paramee; Chiang Kham (15): Y. Buranawanitchakorn; Pra-
nangklao (15): S. Pipatnakulchai; Phan (14): S. Jungpichanvanich;
Khon Kaen (13): W. Susaengrat; Kalasin (13): S. Srirojana; Somdej
Pranangchao Sirikit (12): T. Hinjiranandana; Somdej Prapinklao
(9): P. Maharom; Srinakarin (8): S. Anunnatsiri; Phaholpolphayu-
hasena (7): P. Chirawatthanaphan; Kranuan Crown Prince (7):
A. Rattanaparinya; Roi-et (7): B. Jeerasuwannakul; Nopparat Ra-
jathanee (6): J. Wongchinsri; Banglamung (4): J. Ithisuknanth;
Klaeng (2): B. Chetanachan; Health Promotion Region 1 (1):
S. Bounyasong; Prajaksilapakom Army Hospital (1): P. Nakchun;
Sankhampang (1): N. Pipattanawong.
PHPT Clinical Trial unit
Sites monitoring: P. Sukrakanchana, S. Chalermpantmetagul, C. Kanabkaew,
R. Peongjakta, J. Chaiwan, S. Thammajitsagul, R. Wongchai, N. Kruenual, N. Kra-
punpongsakul, W. Pongchaisit, T. Thimakam, R. Kaewsai, J. Wallapachai, J Thon-
glo, S. Jinasa, J Khanmali, P. Chart, B. Ratchanee, J. Chalasin, P. Krueduangkam,
P. Thuraset, W. Khamjakkaew; Laboratory: P. Tungyai, P. Punyati, W. Sri-
paoraya, W. Pilonpongsathorn, U. Tungchitrapituk, T. Thaiyanant, Y. Tawon,
S. Surajinda, P. Mongkolwat, P. Sothanapaisan, J. Kamkon, D. Saeng-ai, A. Khan-
panya, N. Boonpluem, A. Thongkum, N. Wangsaeng, A. Kaewbundit, R. Dusadee-
pong, C. Kasemrat, P. Khantarag, P. Pongpunyayuen, L. Laomanit; PHPT Data
center: N. Naratee, S. Suekrasae, K. Yoddee, P. Chailert,
T. Yaowarat, P. Chusut, R. Jitharidkul, R. Malasam, R. Seub-
mongkolchai, R. Suaysod, S. Chailert, N. Jaisieng, K. Seub-
mongkolchai, K. Chaokasem, A. Wongja, B. Amzal, T. Thanya-
veeratham, W. Wongwai, J. Inkom, K. Saopang,
A. Seubmongkolchai, S. Kreawsa, S. Tanasri, W. Chantha-
weethip, P. Pongwaret, N. Homkham, T. Varapongpisa,
S. Barbier; Administrative support: N. Chaiboonruang, A. Lautissier,
M. Honore, P. Pirom, D. Punyatiam, T. Sriwised, T. Intaboonmar; S. Phromsongsil,
S. Jaisook, W. Champa, T. Tankool; S. Nupradit, N. Rawanchaikul, L. Summa-
nuch, S. Vorayutthanakarn; Tracking & Supplies: K. Than-in-at, M. Inta,
R. Wongsang; Drug distribution center: N. Mungkhala, D. Chinwong,
C. Sanjoom.
Author Contributions
Conceived and designed the experiments: TD GJ ML. Analyzed the data:
TD. Wrote the paper: TD GJ. Involved in acquisition of analysis data files
from cohort database: GJ SLC TD. Contributed to interpretation of
results: NNGH SLC PK SB PL SA S. Tansuphasawasdikul S. Thongpaen.
Critically reviewed drafts of the manuscript and made comments to
improve clarity: NNGH SLC PK SB PL SA S. Tansuphasawasdikul S.
Thongpaen.
References
1. World Health Organisation. Antiretroviral therapy for HIV infection in adults
and adolescents: recommendations for a public health approach. 2010 revision.
WHO Geneva.
2. Walker AS, Gibb DM (2011) Monitoring of highly active antiretroviral therapy
in HIV infection. Curr Opin Infect Dis 24: 27–33.
3. Lawn SD, Harries AD, Anglaret X, Myer L, Wood R (2008) Early mortality
among adults accessing antiretroviral treatment programmes in sub-Saharan
Africa. AIDS 22: 1897–1908.
4. Moh R, Danel C, Messou E, Ouassa T, Gabillard D, etal. (2007) Incidence and
determinants of mortality and morbidity following early antiretroviral therapy
initiation in HIV-infected adults in West Africa. AIDS 21: 2483–2491.
5. Thai S, Koole O, Un P, Ros S, De Munter P, et al. (2009) Five-year experience
with scaling-up access to antiretroviral treatment in an HIV care programme in
Cambodia. Trop Med Int Health 14: 1048–1058.
6. Braitstein P, Brinkhof MW, DabisF, Schechter M, Boulle A, et al. (2006) Mortality
of HIV-1-infected patients in the first year of antiretroviral therapy: comparison
between low-income and high-income countries. Lancet 367: 817–824.
7. Russell EC, Charalambous S, Pemba L, Churchyard GJ, Grant AD, et al. (2010)
Low haemoglobin predicts early mortality among adults starting antiretroviral
therapy in an HIV care programme in South Africa: a cohort study. BMC
Public Health 10: 433.
8. Mills EJ, Bakanda C, Birungi J, Yaya S, Ford N (2012) The prognostic value of
baseline CD4 cell count beyond 6 months of antiretroviral therapy in HIV
positive patients in Uganda. AIDS.
9. Koenig SP, Rodriguez LA, Bartholomew C, Edwards A, Carmichael TE, et al.
(2012) Long-term antiretroviral treatment outcomes in seven countries in the
Caribbean. J Acquir Immune Defic Syndr 59: e60–71.
10. Weigel R, Estill J, Egger M, Harries AD, Makombe S, et al. (2012) Mortality and
loss to follow-up in the first year of ART: Malawi national ART programme.
AIDS 26: 365–373.
11. Wandeler G, Keiser O, Pfeiffer K, Pestilli S, Fritz C, et al. (2012) Outcomes of
antiretroviral treatment programs in rural Southern Africa. J Acquir Immune
Defic Syndr 59: e9–16.
12. Falster K, Choi JY, Donovan B, Duncombe C, Mulhall B, et al. (2009) AIDS-
related and non-AIDS-related mortality in the Asia-Pacific region in the era of
combination antiretroviral treatment. AIDS 23: 2323–2336.
13. Hoffmann CJ, Fielding KL, Johnston V, Charalambous S, Innes C, et al. (2011)
Changing predictors of mortality over time from cART start: implications for
care. J Acquir Immune Defic Syndr 58: 269–276.
14. Lawn SD, Little F, Bekker LG, Kaplan R, Campbel E, et al. (2009) Changing
mortality risk associated with CD4 cell response to antiretroviral therapy in
South Africa. AIDS 23: 335–342.
15. Maman D, Pujades-Rodriguez M, Nicholas S, McGuire M, Szumilin E, et
al. (2012) Response to antiretroviral therapy in sub-Saharan Africa:
improved survival associated with CD4 above 500 cells/muL. AIDS 26:
1393–1398.
16. Moore DM, Yiannoutsos CT, Musick BS, Tappero J, Degerman R, et al. (2011)
Determinants of early and late mortality among HIV-infected individuals
Prognostic Factors of HIV-Infected Patients on ART
PLOS ONE | www.plosone.org 9 August 2012 | Volume 7 | Issue 8 | e43375receiving home-based antiretroviral therapy in rural Uganda. J Acquir Immune
Defic Syndr 58: 289–296.
17. Berhane K, Karim R, Cohen MH, Masri-Lavine L, Young M, et al. (2004)
Impact of highly active antiretroviral therapy on anemia and relationship
between anemia and survival in a large cohort of HIV-infected women:
Women’s Interagency HIV Study. J Acquir Immune Defic Syndr 37: 1245–
1252.
18. Lundgren JD, Mocroft A, Gatell JM, Ledergerber B, D’Arminio Monforte A, et
al. (2002) A clinically prognostic scoring system for patients receiving highly
active antiretroviral therapy: results from the EuroSIDA study. J Infect Dis 185:
178–187.
19. Mocroft A, Ledergerber B, Zilmer K, Kirk O, Hirschel B, et al. (2007) Short-
term clinical disease progression in HIV-1-positive patients taking combination
antiretroviral therapy: the EuroSIDA risk-score. AIDS 21: 1867–1875.
20. Shah S, Smith CJ, Lampe F, Youle M, Johnson MA, et al. (2007) Haemoglobin
and albumin as markers of HIV disease progression in the highly active
antiretroviral therapy era: relationships with gender. HIV Med 8: 38–45.
21. Tarwater PM, Gallant JE, Mellors JW, Gore ME, Phair JP, et al. (2004)
Prognostic value of plasma HIV RNA among highly active antiretroviral therapy
users. AIDS 18: 2419–2423.
22. Fregonese F, Collins IJ, Jourdain G, Le Coeur S, Cressey TR, et al. (2012)
Predictors of 5-years mortality in HIV-infected adults starting highly active
antiretroviral therapy in Thailand. J Acquir Immune Defic Syndr 60: 91–98.
23. Lallemant M, Jourdain G, Le Coeur S, Kim S, Koetsawang S, et al. (2000) A
trial of shortened zidovudine regimens to prevent mother-to-child transmission
of human immunodeficiency virus type 1. Perinatal HIV Prevention Trial
(Thailand) Investigators. N Engl J Med 343: 982–991.
24. Lallemant M, Jourdain G, Le Coeur S, Mary JY, Ngo-Giang-Huong N, et al.
(2004) Single-dose perinatal nevirapine plus standard zidovudine to prevent
mother-to-child transmission of HIV-1 in Thailand. N Engl J Med 351: 217–
228.
25. World Health Organization. Scaling up antiretroviral therapy in resource-
limited settings : guidelines for a public health approach. 2002. http://www.
who.int/hiv/pub/prev_care/ScalingUp_E.pdf.
26. Mocroft A, Sterne JA, Egger M, May M, Grabar S, et al. (2009) Variable impact
on mortality of AIDS-defining events diagnosed during combination antiretro-
viral therapy: not all AIDS-defining conditions are created equal. Clin Infect Dis
48: 1138–1151.
27. Greub G, Ledergerber B, Battegay M, Grob P, Perrin L, et al. (2000) Clinical
progression, survival, and immune recovery during antiretroviral therapy in
patients with HIV-1 and hepatitis C virus coinfection: the Swiss HIV Cohort
Study. Lancet 356: 1800–1805.
28. Lanoy E, May M, Mocroft A, Phillip A, Justice A, et al. (2009) Prognosis of
patients treated with cART from 36 months after initiation, according to current
and previous CD4 cell count and plasma HIV-1 RNA measurements. AIDS 23:
2199–2208.
29. Chene G, Sterne JA, May M, Costagliola D, Ledergerber B, et al. (2003)
Prognostic importance of initial response in HIV-1 infected patients starting
potent antiretroviral therapy: analysis of prospective studies. Lancet 362: 679–
686.
30. Durrleman S, Simon R (1989) Flexible regression models with cubic splines. Stat
Med 8: 551–561.
31. Royston P (2004) Multiple imputation of misisng data. Stata Journal 4: 227–241.
32. Lewden C, Chene G, Morlat P, Raffi F, Dupon M, et al. (2007) HIV-infected
adults with a CD4 cell count greater than 500 cells/mm3 on long-term
combination antiretroviral therapy reach same mortality rates as the general
population. J Acquir Immune Defic Syndr 46: 72–77.
33. Kelley CF, Kitchen CM, Hunt PW, Rodriguez B, Hecht FM, et al. (2009)
Incomplete peripheral CD4+ cell count restoration in HIV-infected patients
receiving long-term antiretroviral treatment. Clin Infect Dis 48: 787–794.
34. Babiker AG, Emery S, Fatkenheuer G, Gordin FM, Grund B, et al. (2012)
Considerations in the rationale, design and methods of the Strategic Timing of
AntiRetroviral Treatment (START) study. Clin Trials In press.
35. Harris RJ, Sterne JA, Abgrall S, Dabis F, Reiss P, et al. (2008) Prognostic
importance of anaemia in HIV type-1-infected patients starting antiretroviral
therapy: collaborative analysis of prospective cohort studies. Antivir Ther 13:
959–967.
36. Lewis DK, Whitty CJ, Walsh AL, Epino H, Broek NR, et al. (2005) Treatable
factors associated with severe anaemia in adults admitted to medical wards in
Blantyre, Malawi, an area of high HIV seroprevalence. Trans R Soc Trop Med
Hyg 99: 561–567.
37. Kiragga AN, Castelnuovo B, Nakanjako D, Manabe YC (2010) Baseline severe
anaemia should not preclude use of zidovudine in antiretroviral-eligible patients
in resource-limited settings. J Int AIDS Soc 13: 42.
38. Phillips A, van Oosterhout J (2010) DART points the way for HIV treatment
programmes. Lancet 375: 96–98.
Prognostic Factors of HIV-Infected Patients on ART
PLOS ONE | www.plosone.org 10 August 2012 | Volume 7 | Issue 8 | e43375